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care setting, but mm. are mhm^ mitimi adverse effect Xenon Is 
a mm gas with sedatlse 8«aigssfe fjreiperties. It t}a$ 
used sutccmf uily a& s pnwai arjsstite^ aiui Im many ifes&a&fe 
propertJas, net feast of vsrt** « mfeJasaJ effecl «t «5e my9C«f- 
di«m, ill ttjeory, xmm may prouMe sedatSw wSStout adv«rss 
effect for certain groups of ««tScaliy 81 pafefiis, Be obieo«<« of 
this si^dy was to a$$ss$ tltd leas^t^^ af «^ x^^m a$ an 



gesic regjjtrsmefits, rficovsry from secfation, and effect on tema- 
tsHogjsxaJ mti UotMmmi variables were compared for tfie two 
seSaSw regimens. Mi psUm^ were succes$f»Jty $«datedf to-fng 
^xeasit r^lmen. TJia ii!688 ± sb end-iidai xenon coecenfratiOR 
mfiiirad Is jmsssStfe seeteSiHi throughout tfie ettrration of ttie study 
was as ± S,0% (raop, 9-8»), Mertaf ssfstolic, diastoSfe, and 
mean pjissums ^smti a greater teadeficy for «eptive gradlants 
S« paUfitifet rec«Mt!§ Ji?8 propsfot regiman < ,08, p < ,1, md 
^ < ,01 > respectivety). Recovery fofSowsng xenon was $tgf»iftcantSy 
faster than from the stasdard sedationt regtmeo (p < ,0001), 
HematoiGgfca! and biocijemjcai faborsloiy inj«1<«« ware wSttln 
jtamtaS ^i^icai Mts In iteif) groups. 

(^m^u^em: Xmm provided satJsfgctwy sedato in our 
group of patients. It wa$ we{S tolerated mih mMms\ homody- 
mmic effect. Recovery from this agent ts extremeiy rapid. We 
fiave demonstrated the feaeSiJltlty of usmg xenon within the 
eriacai care seSfng, wiaisat advma effect. {Crit Cars fiSed 
2893; m-Mm-mi) 

eon«n«8d for 8 hrs. The feemwJyRamlc efifecfs, 8d<SS(m8i aagi- }&y ssfsisjs: aafete gasss; ssdafiws: crtBcal care 



£ites/SW;OouWe*fcfS{«l, rantiomfeacl sfeaJy. 

SeWng: Tertiary-tevei iotensive eare unii 

Sitblects: Twenty-o«e patients admitted to aa ij^tensive oare 
unit following elective f»ora«lo ^rsfs*^. 

lf}t0lVS0t}0n$: A slandard Ifitensjve care sedafjoh regimen ^isi- 
tfsvenotis propofol at e-~5 m8'l<|~'<hr"'' and aifentam! 30 
f».S*i<g"^<ftr"^J was compared vvitii a xenon sedafiOR regtoa 
(teiivered using a mmi MUm^M-'isam tteflvary sptem. 




ixfem intensive cs.r«; units 
have changed sigfiificaijtlv 
since their inception dur- 
ing the po]jo epidesiiics of 
the 1950s, It was dunrsg this period that 
anes&etic agenb were used sedatives, 
inltlalij* to facilitate th« r«mov&j of tra- 
cheal secretions. It w^s immediately ap- 
parent that wlien these agsais wa-e used 
in critically iH patients, the advem et- 
kcts of ti>e agents would b*. greatly in- 
creased. Although msny sedative regi- 



*Sss aiso p. 2S56, 

From tss Hsj'S! Grcfup Hcspss-ss t*^?). geffast, 
^icrtherfi ireianti; the Ogpartr?>s!st sf AnassiJieisisa aiid 
intensity Cafe s^ssiciRS (jEsSM, JPHR. TJ-g tesn's 
Uaivsreity of Ssi'ESsrt, fjorfrem ifsiafjs; fv-lsmsSsn Hos- 
ptes {.JtTi, Swansea, WaSss: asia Sis Os.jtailfnsfsi of 
ERidewifsijgy sno ?ui>!ii; Htfai* {MAS!, 'sW Queen's 
Ur!!\t:fsSy' of BiJifml mvm Mm-i, 

SypportSfd, in past Sjf 80C Sasss ftiKf, wsisfs 
swppiifid ihfs K&mn tor tfis slm^, snci bv^ a ?SSSewa,fisi> 
Award tmf« m AssosiaScsR j?f Ansestsetists sf Sfssi 

r'fssented, m past, st tie Aa-ieilsss; Sei:i% si 
Msmmssmm awss mestisa, Sss ftartsiecs. 5^. 



imni, pmmiiy are u^ed, inierssive care 
stiii ren-sitis an unpleasajit experience ibr 
m&njf patieafe (1). No c«jre»tly used n$~ 
im&n is totally free from <idvsne dhcti. 
Midasoiarrj; aifetvia-iil, ana propoi'ol, 
given &y inh-avenous irJission, htta tht 
ssamstaj.' of curreM cMnieal practice in 
the United Kltigdom inhaled asies" 
thSuiC5 have beet) «se-« .succe^sfuily iii the 
criricai care setting (3), i>ut iljeir use is 
no;: consrnon, Isoflurajie, a mefhyl ethyl 
eiher, is advocated for a rjxirnljer of sppli- 
catioiss, Tjiost irnportantiy, tlie sedation of 
brittle asthmatics (4), hut this remaais a 
niche appfation. 

The ph&rmacokirjetics of even the 
cc-iTimonly ijsed intraverxtiss anesthetics 
riirnain uncertain in the critjcaify iil; a«d 
sl'I existing intm^jenous dnsgs earr>' the 
risks of cujxtuktion and airdiovascular 
depression, espec!<^iiy in p.at!er!ts with 
miiitlple ofgm dysajnction, Recentfy, the 
ssi'ety of pfoiong&d, hi^i-dms ixdmiom 
of pmpofol has been qtjestioned sn both 
chiMren (5) and aduits (6), 

Xenon i^ a noble ga* with jedatsve ani 
anaige^ic properties. It is for ali intents 
md purposes chemicaJiy inert mi has 



bees sucmsfully used as a general a-^es- 
thetic. It has many dij.^irable properties 
not least of which is a j-nimmal elYect on 
the myocardium (7), It has been iho\m to 
provide pleasant weli-tolerated sedation 
in voiunteers (8}. Xenon has not become 
established in modern anesthetic practice 
due to its relatively low potency and its 
espersse (9). Its phariTsacoJ^inetsc and 
phanmcodynamic properties ai'e dose to 
those of an "sdsaf sedative, and it is ex- 
haled by the lujigs unchanged, a higljlj; 
desirable properly in the patient with he- 
patic or renal impairment, Havitsg the 
lowest blood gas solubility of a«j.* aaes- 
thetic gas (10) means that its efect and 
recover)' profile are both rapid (11), In 
theor;,-, mton may provide sedation with- 
out adverse efet for certain groups of 
critically ill patients. 

We report the first use of xenon as an 
intensive i;;ire sedative. The pni«ary ob- 
jecti\>e of this doubk-biiad, randoxiii.?ed 
stiidy was to asse^^s the feasibility of using 
-teiK'siS for this purpose. We used a Ciosed 
circuit breathing systenrs especially de- 
signed for use in the intensive care unit 
and studied a group of relatively iow-mk 
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patjeats who vjere capabk of giving m- 
fosmed consent before elective a<Sm}sslon 
to the isitemive care unit. 

METHODS 

Poliowirtg i-)cs! Sessarch ESiscs Coasmitv 
tee appyQ'^-'al vvrittea iiiiormed coriseftt, 21 
patiei'i'i recsijifiiig sxiechaj-ual ve«tikt!SS5 af- 
ter eistlive thoracic mrmy studied «5- 
ing & Y&nd<mmd, csossc-vsr cssSgn, Thsse pa- 
tients, adtR-itted alsctweiy to she int«!s» 
wmt, ware able to |K'e written snformes^ cm' 
sent before suj^ery. Patients with a histcry of 
epilepsy or eviiiej-ice cf hepatk. or renas sys- 
iynctiov! were not studied. The Aciit« Phj^ssOi- 
ogy and Chronic HesitH Evitiaitsort U scm 
was messtired st adtBJSsiou to tiie iRtes^sve 
care mit In ^ccor^lnce mih ^imdsxd p£a&~ 
tics, 

Fo!iO%V!:tg conserit, ths: sxsb.jscts wre reifi- 
domtKed into one, of two groups ss part of & 
croissover studs; gro^'p A {n =« 10) snd gmu|s B 
fn « U), Thirty minutes sefors ths SKtid- 
pated end of surgerj', anesthssJa vt=as SYSiR- 
tainec! with isoiiwrsne ;r cxygan. At adfixxsiion 
to ths intensive ciire unit, pstssfits were Jtabi- 
&ed and then aliocassii to otit: of t^*>4> se^istive 
regimens. Group A recsived a stajtt^arsii se<k- 
tior. ast! axiaigesis regimen u$isg irstravsnsus 
propofo!. (3%) atO-S mg-kg"^-hy~" a.rid ssfen- 
tani! 30 jj,g-!ig~^ hr~^ for B hi-s- These drugs 
thm were stopped, snd ths tims takes for the 
patient to begin to appear r«stle«& 
scon; 3) to a bKsdsd oteemr v»ss fioted (IZ). 
Sedation then was rscoramefic^d using vari- 
able cc-nceniratiofis of xeaoB in oxygen- 
enriched air as required. Patiei-ts in group B 
(the othej- limb of the crossover trial) iniSiaiiy 
were sedated ujing the mm in oxygsn- 
endchgd air xegime« for 8 tes, Mte Ms 
ried, the sedatiott was stoptseil and as in group 
A the pstient's cosscssiss levd allowed to in- 
crease. The alternate regimers ot fsropoiol and 
aif entaniS then was bedsits and a)nt!nssd ior 8 
hrs. 

Additional aialgesia was pys}\>i&d so bsth 
groaps (when reqisired) at the re^jy^st of the 
attending mm or physidats, Vv'ho was bimded 
to the sedation wgistjen, according to nonnai 
diaicai practice, using ijoiuses of aifonisnii 
250 U mors than sis bobss-s svzrt needed 
in any i-hr penod, then ast ssf«sson alfen- 
taail ms begun at a rate s§«svalent to the 
previous hours rea'jires'nant 

An unbiinded c!ir!ieiafi""-8t the requastof a 
ftyrse who was blinded to botis sesktm fegs- 
mens — adsnijiister«d ail sedativ*,^ snd 3i«alge- 
sics. The n«rse providing cars of 'he tsatiertt 
was instnjcted to order an increM* in sedation 
to s.asure that the patient had a Rarriaay seda- 
tion score (12) of either 2 cr 3, If ttte fnirse 
betseved tiiat the patient was ia pairt, despite 
ade;(i.a&te sssktisn, if pain was preventn^g ad- 
equate sediiiionj or if the patient commufii- 



cBted to the a«m that he or she wss sorej ths 
sjus-se instructed additional amigesia to be si~ 
nsinsstered by the usbUnde^ operator, A piiy- 
sisian, aRay;are of ths ongoing ssdation rsgi- 
mttt, a4!-5iinists«4 inoti-ppss, Saids, blood, 
and nth«y drags accoyiSs^ to th« patisnt's 
resjuirsments. To ensure bhtjdsng of the Ob- 
tenders, the xenon deiivei-j' svstsn? rerrsained 
unchanged in sppear;5,nc« thrsygho«t the 
sta#- the additiors of xet;on to Sihe dose#- 
circuit bj^atiWijg sy.stem ms sot visiijk to the 
caregivm. The coiK^sihshon of xenon tieliv- 
er«dvi>as swnit»re4 itsing a caiibrsteid therassi 
cc-ndnctsv!t>' nmer that was only seen hy the 
Opemtor and act the attending ph^^s;i;i;iJl or 
the nursing stsS, The aiteYnate sedation regi- 
fnexi (the propofoL'alfesitaMi regimen) v,<as re- 
placed by a liiaceb* snfosios of Ints aiipid and 
saline to ensiir*; ti^at Hie appearance of both 
SKistion riiginisns {to ali except the sedation 
opera:,or) \ffs:^ idefittcai. 

The paiiejsf s k'jigs were v'erstiiated using a 
Beiinett Poritats \«ntiktor and s beBovvs-m- 
bottfe brssthing iniexi&cs Thi& &ystejts 
operated ss & balanced, ciosed-ctFctiit hreath- 
ing systeas drivef; by a conventioitai intensive 
f:af« ventiistss'. The ventiiatory nooses of pos- 
itive end-as^tratosy pmsm% continuous pos- 
stive airway ptessuire, and sy»<feom8etJ inter- 
miftsnt Ksaadatsry vsntiktioa we ai>plied as 
deert-sd ciinicaiiy necessarv. Ail measore- 
n;e.nti; of both shvvsy pressnre and changes in 
inspiratory pressure recsaited to initiat!- venJi- 
ktion \ver« made by tkie Puritan Benijett 
7200A ven^htor as nosrraaJ, Ths fceiiows-ia- 
kittSe interface did not aiter the perfomsance 
of the ventiistcr. Once b^aisoe4, the ^ism 
auiosjsticaiiy repiaced oxj^gen uptalce from 
th<? cncle Mth csvygen from the driving venti- 
lator i Fjgure I), M<juots of xenon were added 
t^tyon^ a oae-way v^lm by an wrsbHoded sp- 



ej-ator to adsisve the level of sedation directed 
by the sjiindec obsan-'er. The end-tidsi concen- 
ttstions of cajbon dioxide ,jnd oxygen concen- 
trasion vvere mo.nitored contirsuously using an 
InfraTed gas analyzer (Sates Capnomac, i)ate.\) 
and &e \>entiJatory rate asid tiM vokme ad- 
Jasted S.S sppropriate to nuiiritsin sn end-tidal 
carijon dioKids concentration between 4% and 
6%. The end-tidai cotKentraidon of >;Sr,oo \*as 
momtored using a calibrated th.?rriia! conduc - 
tiviij' jsonttor CBedfont Scjestsfic, XiK), Pa- 
tients ^we rsonitored soninvasively using a 
ptdse oximeter and etectrocardiograph. Each 
patient also riad a radial ;Kteri:ai cannsiia and a 
puimonary aiteay flotation afheter inserted 
for h«modyn«tfi5c momtorsK^, PufctnOKary ar- 
tery occlusion pre.s.5o.re, rf!i,^edvaoOUS OXy^a 
saturation, a,nd cardiac output svare retx'rded 
at 30-niin intemis. The following wen; nisj- 
snred atadraission to iateiisive care and at the 
end of esch sedative raiment hssnoglobin 
c,oace.titratf«m, white eel! count, piateiet 
cotsit activated partial throwbopiashn tinje, 
prothrombin time, arterial blood iactate, 
plass» epsBephrine and norepinephrine, and 
blood urea m\d electrolytes, 

Staiistksi Analysis. %e daSa torn the m- 
n«n sedation regiroen (regsmsn X} from 
groi^ps A snd B were pooied for anaiv.sis and 
conspared witis the pooied propofct'Sifentani! 
sedation regimen data (regimen P; fro;n 
groups A and S, Alfet'tanii reqidremeats were 
corapHred using Wilcoson matched pairs 
ijg«ed-raaks testing (nonpayamehic), For 
comparison of iht csrdiovascdar varlabies, 
the fe. 60 mins of each sedative regimen was 
esckided from analysis to ensure an adequate 
washoui, Th« effects of each sedation regimen 
on heniodynsmic vadabie-s over the entire sed- 
atiw pejfiod were emrdned using linear re- 
gre«si«ft modeling md an esaraiaation of the 
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irmdi for ^ach vsriabfe SKsi each iadivjdfssJ 
pati^t TJic times taken for each pstsent to 
achieve a Baitssa;,' ssdstiftji score of .1, ^fSsr 
each seciaEiofj rsgimen was stoppecS, were coj^-j- 
pared using Wikosors sSgrieci rarsk tastsrig. 
The sa jnplfi. si28 of the stud)-' was estimated 

previous stojdy il4}. It \<m basest on detsctSsg 
a diffeence in systolic M<*o4 pressures of 13%, 
acceplifsg a power of 98% < -05), 

RESULTS 

Fift een mm and women ^AtKe»c3tn 
Socief^' of teestheslotegisfe das$ HI) re- 
quiring elective ventilation following tlio- 
racotomy studied. The m^-disu age 
wa^ 63 yja {raage, 39 -SO yrs), znd me- 
dian Acute Physiology and Chronic 
Health Evaluation U score at admission 
to intensive care was 24 (range, 14 -SI). 
Ail patients were succ:«ss!u% sedated 
d«rmg ihs xenon regimen. The mtm {s») 
end -tidal xenon cosicentjation {%) re- 
quired to provide sedatiou throiigisout 
the duration of the was 28 (§.0) 
(range, 9-62), The coriceritrationi of x«- 
mn mqnmA for sedation Just before its 
administration was discontinued, and the 
range of concenti-atkms required 
throughout the study is. shox's'n for e.sd) 
patsest In Figure 2. The m«sn Ramsay 
sedation scorn and mean Ms^ectyal In - 
dexes, mmur«d at $0-mixi inter/ds, 
were straiiar during both sed&ti\!e regs- 
mens {Table l}< 

The mean (s&) amount of propofo! de- 
livered in regimen P was 45 (2,1) 
mg-kg I in regimen P, tb& tsutm 
(soj slfentsml delivered to each patient 
^v=as 28.0 nm jig-kg~*-hr-\ The total 
slfentanil administered to mdivldisfil pa- 
tients in each group is shov*-'n in Figure 3. 
The total aMentanil, e-xprsssed as snean 
(sd), xised in regimens K arid P wa,-; 4,5 
(3.2) mg and 15,2 {3.4} sr.g, re.'^pectiveiy. 

Linear regression and examination of 
trends in arterial systolic, diastolic, and 
mean pressnres shov^ed a greater tm- 
dency for negative gradiests in patients 
receiving regtmen ? it ~ 2.24, p < ,05: / 
«• 1.74, ?j < .1; t - 2,84,3? < .01. respec- 
tively; Table 2). The pooka data for arte- 
ria; bbod pressures ia each fegimen 
(mean and sd) are also .shown in Figtn-e 4. 
Cardiac index ij'icreased in the Sirsl 8 brs 
of sedation irrespective of sedative regi- 
men (Fig. 5). There was no significarrt 
dillerence in cardsac sndes during the 
.second period of .sedation between either 
sedative regimen. Mean heart rate was 
lower In the first 2 hrs of xanon admin- 
!,stration {regimen X) compared with the 
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sStandard sedation regiisen (regimen Pi, 
bui this decrease ^^^as not statistically sig- 
nificant Syster55{C va.sa3lar resistauce, ixs- 
de3c decreased throughotjt the study dtsr- 
■ ?ng both sedative regimens. There was no 
significant eifeci of sedation regimen on 
this decrme {Table 3). The pulmonary 
vascular resistance index, systemic mscu- 
lar misrance Indes, aj)d pulmonary ar- 
tery occlusion pressure are .shown in Ta- 
ble S. The sseac^ nilsed venous oxygen 
saturation was sigrdhcsntly higher in the 
%mon regimen dtjyirjg tlie iast 2 hrs of 
sedation (Fig. 6). 

There were r-o -signifjcaint between- 
group differences. The arteriaJ oxygen 
saturation v,<as similar and well main - 
tained in hoth groups throughont the 
study (Table 3). The tinges taiien ibr each 
patien!: to aci-teve a Ramsay sedation 
score of 1 after each sedation regimen 




FiLg«?e 2. 'thj: jwiion ccncentiStsy;; ii'SioeaSasjs! 
te§!»fe4 for s«dati(i!5 i« each t>&tii:?JS a,fte!' S h« of 
s»80s sdHsinsstration. Errot bisrs repTesettt the 
f arsga d eessoeRtratfens deJsvered t» «8ch pstient 
sscing'the ssmon re^ssss, Thi&e m pookd 
ff«5S tsolh groups A Bj the two aj-ms of a 
rst^^oiSiSy iiillocsied &t<>m.<mx triaJ, 
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was stopped were significantly shorter 
following tire xenon sedative regimen 
C'lahie 4), Hematologicai and biocijemiial 
laboratory' markers were within normal 
clinical limits In both groups and not 
significantly altered by xenon sedation. 
Catecholamine concentratlom did not 
differ sigtuficaniiy between groups (Ta- 
bles 5-S). 

DISCUSSION 

Modera anesthetic agents are so .safe 
that in ail but the most criticaiiy ill pa- 
tients there may fee Httle to be gained by 
using xenon as a general anesthetic. The 
situation is different in intensive care, 
v<shere sedatsoft regimens may be em- 
ployed for days or weeks. This Is tli« first 
report of an inert gas heing used as a 
sedative in intensive care, and this study 
demonstrates the feastbiiity of providing 
sedation with senon. 

.Xenon's reported lack of effect on the 
myocardium, cardiac index, arterial blood 
pressure, and vascuiar resistance (7, L5, 
16) makes it theoretically attractive for 
sedation of fee critically ill. This con- 
trasts witii the well-known myocardial 
depressant eitects of propoibL Our study 
reports that decreases in blood pressure 
were iu& in tiie xenon regimen than in 
the propofol regimen. Harked eteiges in 
the cardiovascular system occur in the 
first 16 hrs following thoracic surgej^ji, 
and compensatory physioiogic mecha- 
nisms may be of greater significaiice if jaa 
the choice of sedative agent Thus, the 



Tabie I. Msarj (se) SiS5.»s<;t'a! S-k^ss {BIS} ar.<5 Mediar; iEtiseri^i.«rtile Rs;\ge; .Rs.miay Seoatioa Scors for 
Xenos (K) md Fropssd (?) 8«^(fner..s at .^v-min Jnt-J.'^-'Sls i>wir4 Eai;h Ssdativs; Ref;ims» 
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Data are pooled frosrs both arms of crossdver stag's? is 21). 

Cfi{ Care 2003 Vol, 31 ffe, 10 



67,1 (20) 


4(S-S) 


ei.2 08) 
65.7 m) 


d0-m 

3(3-5) 


65,0 fi§) 




§4,4(21) 
S4,? (1§V 


3 (S-4,5) 




3 {3-4) 
3 {S.5~3.S) 


63,7 i)§l 


S7;?ai) 


3 0-4.5) 


62.4 00) 


3(3-4) 


6.).2(Bj 


3(3-4,$) 




3(2-4) 


63.0(20) 


3(3-4) 


66.5(22) 
S» 6 (201 


3(2,5-4) 
S (2.5-41 


S2Sim 


4i^) 


»?.§ (IS) 


3 (3-4) 



64,0 tm 


4 (3-^1 


640 (20) 


4 0-4} 


87.8(19) 


4(3-4) 


6S,6(211 


4(4-4) 


6S.0(1$) 


4(3-4) 


SS,5{20) 


3 (a.5-4) 


70.2 iW) 


40-4) 


60,6(18} 


4(3-4) 


64.8(13) 


4(3-4) 


66.7(13) 


3(2.5-4) 


65,6 (22) . 


3(3-4) 


66.$ m) 


3(3-4) 


63.7 (20) 


3(3-4) 


S9.S(20) 


3 (2.5-4) 


$$S (20) 


3(2-4) 


70.0 ilS) 


3(2-3,5) 


7t>.§ (20) 


3 (2-3-5) 



^1 

s ; 

& *;♦* 

Figure 3- "J^ss tota! aiiajtaai. (nussoifssas) dslsv- 
md to each pafent diK'iiJg &6 xeisrs as^ 
propofo"; ssdation, regSmens, Dots aniJ s<?««r«s 
represefit individus} psfitjnfe, Tfse tetai am<nr:t 
oi issftntfirtil ussd was iignificAntiy sess dyi^jsg 
jedstsofi with nmn {(> < M91}. Dsa sss pmm 
feom both arms of the cfosscfv-ey siadjf {ji ~ 21). 



bsneJkial eifects of seoon on jriyocardial 
fxtfttesctiiity, if any, may too subtk to bs 
seejj io the context: of rwamsiug and 
recovery from prolonged &o«sthesa, ft 
may bs. that in this group of patients with 
myocai'diai moction capable of resssond- 
ing to fee challenges of &e postoperative 
period, there is no benefSt to Sse gained fey 
using xenon as the sedative sgetrt How- 
ever, xenon appears to ofer ro&tgimily 
greatei' cardiovascular staMHty during 
the i>rst H hrs of therapy in the mtensivt^ 
care unit than the standard sedative reg- 
imen, Ckarly Jo stat«s of $tp$h or other 
forms of shock, it is essential to reduce 
the risk of myocardial dei>ression and hy- 
potension; xenon may have a niche role 
in such cisrcurostances. 

The effects of sedation m\d analgesia 
can be difficult to separate in the clinkal 
mnxcsamA. The analgesic ps-opeyties of 
xenon have been well reported. In voian- 
teers, siibanesthetic fractions of xenea 
and nitrous oxide produce a similar and 
useful analgesic effect (0.3 M4C tdmim 
and riitrous oxide) {17} ajid analgesia to 
ischemic, electrica!, and mechanical 
stimuiation (18). At 1 MAC the fer.tar^-l 
requirements ot' patients uftdergoiRg 
surgery are dramatically reduced vehen 
compared with nitrous oxide, and many 
patients receiving aj-sesthetlc concentoa- 
tsoos of xenon require no opioid snalgssia 
whatever (7, §). The potent snalgesic 
properties of xenon are again demon- 
strated by this study in the contest of 
crltica! care. Alfentaai! resjusrements 
were minimal in all except one patient 
during sedation with xeriOn. One subject 
had equivalent alfentanii re<|uiremeots 
during both regimens, and this raises fee 
possibiiity that lil« the opioids, the an- 
algesic effects of xenon mai' shov; consid- 
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SsSa Jits pooled inm feoSs srtns <^ the cmsaover stssd><, groups A {ead B (n » 21). 
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4. Mssst (ssi) srter^&! $ystottc and dii&$tottc 

fciocid p?«S4u>«s (B/'") ffs«a«u.»«4!! at 3(5-STsi;5 Ssstev- 
vsds in both ssuisvive r«gsm«n$, xe,iors (.S) -Sftsi 
prooofcl Dati are pooled from both assss of 
th« cjos&ssv^sr studj' its = 21), 



!!jt«Mft ($0) Cftniiisc Indite 

<| I T ^ , _ T , -*-i**S(fS»«)S 

I >J ftf7^rrTT-rj|"T]T.- 

*4 ^ sS *!* 

HgiiJ« 5, Mess (ss) cardiac iad«x measwred at 
30-rtv;B »Jt«ift«ls sft botfe s«dat!« regimens. Date 
pooled f«>£S l!3& fii-H-i* of cmsover stusSy 
(B « 21), 



erabk iiiterpatieEst differences. By using 
xenon as a sin gle agent for sedation .and 
analgesia., it may he possible to avoid 
some of the problems of multiple sedative 
and analgesic infusicns. 

As a naturally occurring gas,, xenon 
has not been subjected to the ngorotjs 
preclinical safety testing that the modern 
clinically used sedatives have beeri suij- 
jected to. Prolonged esposur-e to xenon in 
either anesthetic or subanesthetic con- 
centra^ons has not been reported In hw- 
niafjs. Although highly unreactive chem- 
icaily, this irsertovcss diXis not guarantee 
biologies! Sssiety, and xenon is certainly 
{>ot bioiogicaily inert. In addition to its 
potent snesthetk and analgesic elfects, 
xenon has an action at the A^-methyt-o- 
aspartate receptor 3.nd has bees 
shown to inhibit Ca**-regii!3ted tran,si- 
tiofts m iiuxiian eBdothehai cells and ar- 



rest tiie division of rat astroc"^tes in nseta- 
piiase (20, 21t. The analysis of routine 
bio<:h«mical and hematological tests m 
this study, while not proving the safety of 
prolonged esixtsure to xenon, adds to our 
existing knowledge on the subject. A re- 
duction in circulating epinephrine con- 
centfations during xenon administration 
has been reported in studies comparing 
Xe with NgO and a total intravenous reg- 
imen (7, 22). No diferences in plasma 
catecholamine concentrations were seen 
between the two sedative regimens In our 
study. The estetit and severity of surgesy 
may well have been an insurmountable 
stimulus in this case, 

A cfiaii^gc in Ramsay sedation score is a 
crude and subjective assessment of cffset 
of sedative effect, but nevertheless there 
were marked differences bebvveen regs- 
m«ns. We report an emergence time from 
sedation less than one third that of a 
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iP). Data avs pooled ham fcoth a?ms of th« cms- 
over study (n - 31). < .05, < ,01, 
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standard intravetioys re,gimea> Botij 
ag«t>ts were titrated to tqv^ cHrstcal ef- 
fect. Although the bispecCral indexes ap- 
pear slightly lower is th« ssnors group, 
there were, m statislics! ds&rerrces be- 
tween the sedative regimens, ft has Ije- 
come apparent that the bispectral index 
recorded dtiriog xenori administration 
does not correlate with sedatioo or 
aroissai in a rnanner siisilar to propofol 
(23], This is not siKprising given ih& dif- 
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Urmt mechanisms of action of each 
agent. Such s rspid recovery from the 
e^cts of sM}f>n sedafen rtjay faciiitaite 
the assmment of head-!n|«?ed patieats 
in whoHY 5ft iiccurate assessment of the 
true netiroiogic Jtate (in the absence of 
sedative tfkctl is highly desirabie. The 
streets of" brief periods of senos itlfeaia- 
lios m head-injured patients, at concm- 
tratj'ons as«d to erifencs compiifed to- 
mograpfjy scsn of t^ie f>rain, have been 
.stadied, Irs 13 patieiits witfi asi aciite head 
mjury, Fksugmaim etai, (24) reported sn 
increase m intracranial pressore m aO 
patients with a resdtant decrease in ce- 
referai perfiisios pressure im eievea. The 
siitkors also reported that in tfjls study 
(esamirjtsg a 20-tnin period of xenon in- 



halation), the dfects of .wnon were most 
o"iarli*d during tire first ,i or 6 mir^s 
■vvere probably amiogous to those- seen 
duntig induction of anesthesia. !mpor- 
tarstiy, no signs of cerebral oligemia or 
Ischemia were seen in the measured ar- 
teriovenous Qpjgen saturation difference, 
fo aftotiier study of 23 comatose patients, 
inhaktton of 32% xenon did not caisse a 
significant increase in intracraniai pres- 
sure (25), Changes seen In tiiis study in 
indiv'iduaS patients' intracramal pressure 
■were ascribed to alterations in arterial 
COj, This preservation of cerebral reac- 
tiviiy in response to arterial CO^ during 
xenon inhaiation also was reported by 
Piougniann et al (24). In an earlier study 
of tiiechanicaily ventilated patients re- 
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sedalhn and propose that it 
mau hare iiJranlf:iges orer 
standard drugs in the seda- 
tion of hcfnodi/mmicalliJi 
unsiab/e patients st'ch as 
those rv«?ivr?«(7 irom niffO- 
cardiai infarction, eridoiox- 
emia, cttrdiomijopaihu. or 
dosed head injury. 
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ceiving bjief periods of xenon to erJmnce 



computed tomography scanaiag, agam 
m significatnt increase in Intracranial 
pressure was seen {26}. The effects on 
cerabra! blood flow md hib-aaarsial pres- 
sure of prolonged ii&alatioa of xmon at 
seiiatsve conc^ntetiom have not yet hsen 
reported, but its use would appear to offer 
the potential of therapexjtic benefit in pa- 
Uents in whom it is necessary to accu- 
rately Quickly determine the true 
neurologic state. 

The mhalational route for the delivery 
of sedative agents has never beesa as coa- 
venient as the intravenous route but has 
the advantage that the effector iiu 
(hrmi) concentration can fee extrapolated 
with reasonable acatracy ixmi the end- 
tidal concentration. This aiiows feedback 
.loops to be established that car) automate 
t^ie adiustnient of xenon concentration to 
a level predetermined by the physician, 
Once a steady state of a desired concen- 
tration of xenon has been achieved within 
a closeji-circuit breathing system {this 
occurs rapidly), thm airnost no further 
xenon expenditure k incurred and cost 
becoTOtJS a le$ser Issue. The ccst per unit 
time of serjon anexStbesia (or indeed, se- 
dation) decre<is$s dramatically after the 
hrst 15 mins of administration, and vvhen 
xenon is used in aaestl).esia the cost be - 
comes comparable with other ariesthetics 
deiivered using a semiciosed hre.%thing 
system after sbont -4 hrs (27), Th« ionger 
the period of administration of xenon, the 
more cost-effective it becomes. At 
present, the routine use of a closed- 
circuit breathing system in intensive care 



i.? confined to research st^^dies, but 
should such a system be resjuired, the 
technology exists to provide it (IS, 28). 
By using such systenss (n comhiaatson 
with axenon recycling systeni, the cost of 
sedation can be redyced even fmther. 

Deiivery of xenon gas to the patient 
ms achieved wsing the balanced circie 
systes^. described by Dingley et al- (23} 
and sho^vn in Figure L Although &ls 
foncttons as & fuiiy dosed breathing sys- 
tes^, tosses of xenon in addition to tissue 
upt^e and redistribution occurred when 
the carbon dioxide absorbent of this sys- 
tem was chaiiged and also during suc- 
tioning of (he trad^eai txjhe during plvvS- 
itothmpy. These iosse^s are unavoidable 
hnt conld he possihiy rsduceci usitug re- 
cycling (echnobgy. Ttxe mmxtd addition 
of scenon into ii^e breathing systesTi re- 
quired a physician;'oper«tor to be present 
d\jring the study and this 'was believed to 
he desirable as an additional safety fea- 
ture, since ti;e attending inedical staff 
■were blinded to sedation regimens. Selec- 
tion and computer control of a set oo«- 
centration of xenon would also smooth 
out the peaks and troughs of xejjon con- 
centration seen during nianuial 4eMwiy. 
For futijrs use; sn inltlsl end-tidal con- 
ceistratioxi of xenon coxdd be .selected, 
and this study re:port.s the range of con- 
centrations encountered. Pattersts requir- 
ing hf^ inspired m^^&n concentrations 
would not be suitable for se<iation with 
xsison, but the median fraction of In- 
spired xerson (0 J? in this study) i& low 
enough to aliov? its use in most patients, 
except those re<juh'ing xsety high concen- 
trations of os>^en, Th.e prolonged use of 
dosed-drcait bre.atl5ing systems in ij>ten- 
sive care has sex'er&i cisveats not nomiaUy 
given consideration in general anesQje- 
sia. The acconiulation of foreign ga.ses 
within a closed breathing system was re- 
ported by Versivljeien et ai. (30), Dnring 
proloriged ciosed-circuit anesthesia, ace- 
tone may be generated by oxidative me- 
tabolism of free Mty acids, and an in- 
creased forjnatlon is seea in starvation 
and in deconspensated diabetes inellitus. 



A blood concentration >50 mgl may 

e,>cSend (he en^ergence period from gen- 
eral anesthesia and may contribute to 
postoperative vomiting. The increase in 
the acetone concentration during closed- 
system anesthesia depends on its preop- 
erative value and on the. duration of the 
anesthetic procedure i'31). However, such 
increases are snsali (i.3~S.9 ppts in the 
inspired gas of a closed circuit over -4 hrs) 
and are unlikely to lead to clinicai .syoip- 
toms by tlsemselves (32) (the European 
Union maximum workpkce concentra- 
tion for acetone is 3000 ppm). During the 
hrst 5 hrs of general arjesdiesia, Strauss 
arid Hausdorfer (31) could not establish a 
Significant difference when comparing 
the use of ciosed and semiopen breathing 
systems. A simpk. way of decreasing the 
inetabolisni of free (atty acids, a:nd hence 
acetone, wald be to ensure that nutri- 
tional need$ in thi critically ill patient 
were adequately met. Methane generated 
by bacterial decomposition of intestinal 
matter is exhaled in. small quantities by 
patients and has been shown to accumu- 
Me v,'ithin closed breathing systetisis dur- 
ing anesthesia. Methane is nontoxic and 
its signiSicance is tiiat it is flamnable if 
mixed with oxv'gen, -Such concsntrations 
producing feis effect a^e w^il above, those 
seen In prolonged closed-system anesthe- 
sia (33). Methane may interfere with the 
iiiterpretation of halothane concentra- 
tions by some inteed gas analysers, but 
this is of no relevance to intensive care. 
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Evidence of toierarsc>2 ixt xeaon vvas 
DOt^bn-Bsiiy assessed, skho^igh in severs 
subjects fee final concentrstion of gas 
inhaled vvas mted to be at or dose to the 
maximum inspired concsnixatioji (Fsgjsre 
2). 

The S5gmficant5y higher mlx«l -venous 

OKygei! saturations sesri during fee last 2 
hrs of xenon sedatiois nm>- be d-ae b> a 
combtftation of the cardiovascular 
changes. HowE^ver, although inert bio- 
cho-nJcaJly, xenon has been shawR txs 
form weak van der Waal's kteractions 
with both hemogiobM &n4 myoglobtn 
(34, 35), and it is possible that the deiiv- 
sj>' of oxygen to the tissues Is affected. 
The chaRges in mixed vmom oxygea sat- 
yration .are important: however, given 
the changes in .hen>od>mniics between 
the tv,fo groups, any propo,'>a1 that xenos 
alters tire jnlsed vefiotis oxygen sattara- 
tion of blood in mm would sxot be sup- 
ported by the data pmmted. The mech- 
anisER for these changes is lindear, and 
further elucidation of liiis phmojjmion 
was be^TOd the method of $tud>', hut 
we hope that this re^x-rt wiO i^nspire fur- 
ther study in this area. After fee additior. 
of xmon to the closed circuit, the in- 
spired oxygen ftactioR decreased (by vary- 
ing aiKounts, depending on the amount 
of >;«r\on added). To compensate hr Q\h, 
the unbHnded operator transientiy in- 
creased the inspired 05Q-<gen fraction of 
the driving gas. The mofease in cssygen 
content of fee drivijig gas mi^' have been 
higher than necessary (as a safety precau- 
tion) and resulted in an overshoot in the 
desired level of inspired oxygen and 
therefore the arteriai oxygen, tension. It is 
important to note that the arterial oxygen 
saturation;, md hen!i>gl<:ii)in concesitra- 
tions (and hence actual oxygen, delivijn>) 
were simiiar between the two groups. Be- 
cause a placebo gas v^as rsot added to the 
closed circnit in place of xenon, this over- 
shoot did not occur in the propofol/ 
alfentaral yegiisen, The increased in 
tile xenon registsen :re:tle<;ts the inaccura- 
cies in desired gas fractions tlsat result 
following manual addition of gases to s 
d&sedsysten-i, Cooiputer-serv'o coritroi of 
the addition of xenon to the circuit coyld 
prevent such fluctuations in gas content 
but was beyond the scope of this project 
•Avoidance of tachycai-dia is undoubt- 
edly benefidal in the setting of ischemic 
heart d!se;ise, and we ha\fe. shown tiiis to 
be true of xenon during the first 2 hrs of 
sedation. 



COMCLUSIONS 

Xenon prsvided satisfacfcery sedation 
in (m group of 21 elective feoracic sur- 
ge^' patients. It vvas well tolerated and 
had minimal hemodynamic effects, ors- 
like the con^parator prGpotbl regirrsen. 
We have .showo that it is feasible to use 
.>:enon for interisjve care nnit sedation 
and pj-osxKse ti^at it may have adv'arjtages 
over stasidard drugs in tlse sedation of 
hemodyaamicady unstable pstieots siscb 
as tliose recovering from myocardiai in- 
farction, endotoxemia, cardtomyopathj', 
or closed head injury. The use of a spe- 
cially designed closed -circuit ventilation 
system minimised the cost white alimv- 
ing routine tj'acheal suctioning and phys- 
iotherapy procedures to he pesformed. 
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